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COMPUTER REQUIREMENTS:
DATA CONSTRUCTION, INPUT, and INITIAL PROCESSING

INTRODUCTION and SUMMARY

The processing of camera data by the computer, especially in
the input and i{dentification stages, will bs dependant upon the
exact form of that data. The measurements enter the computer in words
which contain a ‘'compressed'’ smount of information. The method by
which each word is constructed by the camera electronics dictates how
it will be dismantled after it arrives in the computer.

Thus it seems proper, bafore encountering the details of the iden-
tification sequence, to discuss what the camera electronics does and
how the computer should handle the transit time and magnitude data from
the scanned targets.

In thie memorandum, we will not attempt either to desfign the elec-
tronics nor even to choose an optimum system. Our concern will be to
present a particular configuration which appears to satisfy the require- )
ments, and to discuss it in sufficient detail to permit a concrete
assessuent of vhat the computer must do during input of the dats and
id.ntifiéat:lon of targets.

It remains for a later phase of the contract to discuss detsiled
design parameters. Results of investigations during the past two
years in this area are presented both in published 1literaturel’ 2° 3 and

4, 5,6,7, 8
in memorands internal to Control Data Corporation. ’

Lillestrand, R. L. and Carroll, J. B., "Self-Contsined System for
Interplanetary Navigation, Am. Astronaut, Soc Preprimt 61-95
(August 1961).




Ia summary, this wmemorandum discusses the detection process '
wherein information passes successively through the camera slits,
photomultiplier, transmitter, receiver, electronics, buffer and
finally comss to rest in the computer memory. Two gignals are actusl-
ly processed: phototubs anode current and multiplier voltage. The
first is used to measure entrance and exit times of the target image
in the slits. The mﬁltiplior voltage changes with target intensity
to protect the tube and is therefore useful as an intensity indicstor.

Since the instrument capsule is detached from the vehicle, the
photomultiplier outputs are transmitted immediately to the lstter

for processing. These signals are digitized and fad to the computer

2 Control Data Corporation Research Division, Final Report:
Investigation of Navigation in Cislunar Space, ASD-TDR-62-960,
Contract No. AF 33(657)-8215, Minnespolis, Minnesota, December
17, 1962.

Harrington, D. G., '"Noise Brror Analysis of an Optical Star and
Planet Scanner', (psper presented at the National Aeroepace
Electronics Conference, Dayton, Ohio, May 13-15, 1963)

Control Data Corporation Rassarch Division, '"Error in Average
Transit Time", by Charles B, Crosch, TM-109, Minneapolis,
Minnesota, June 1962,

Control Data Corporation Research Divieion, ''Application of a
SCANAV Camers for Attitude Determination of a Spinning Sounding
Rocket,' coordinated by Joseph E. Carroll, TM- 112, Minneapolfis,
Minnesota, October 1962.

Control Data Corporation Ressarch Division, "Application of e
Concentric Mirror System to the SCANAV Camera', by E, A. Mazorol, Jr.,
™-113, Miunneapolis, Minnesota, Novewber 27, 1962,

Control Data Corporation Research Division, "Fast Scsan Pulse
System with Optically Limited Accuracy", by D. C. Harringtom,
T™-120, Minneapolis, Mimnesota, January 4, 1963.

Control Data Corporation Reseaxrch Division, "Accuracy of Four
Scanning Camers Systems Covering a Wide Scanning Time Rangas",
by D. C. Harrington, TM-122, Minneapolis, Minnesota, January
24, 1963,




via a high-speed buffer capable of storing & small number of sequen-
tial words until the computsr is ready to receive them, 48 bits of
information are generated in two 24-bit words for each tgrget transit
of s given slit., The first word contains the tims that the photo~
multiplier anode current becomss greater thsn the bias level. This
"rise time" i¢ in units of 10 useconds and hence can tell time up

to (224.1) = 10°3 = 167.8 seconds, long enough to encompsss ten scans
of 10 seconds sach.

The structure of the second 24<bit word depends upon the target:

STAR
Siit Intensity Fall Time
'.~ !_.A N 7 —
{ o] 6 Bits | 16 Bits
t'nrg-t: Tag
PLAMET
Slit Yall Time
’1 r~ A
11 22 Bits
thrpt Tag

The first two bits in each case contsin similar information:

bit #1 « slit number (0 = #1, 1 = #2), bit #2 - target tage (0 = star,
1 = planet). The last twemty-two bits contsin, for extendad targets
such as planets, the time that the photomultiplier anode curreant

falls below the biss level., The least bit here also measures 10
useconds eo that (222-1) x 105 = 41,9 eeconds can be contained.

The "fall time" is required in case measuremsnts are desired on the
trailing edge of a planst,




To kesp instrumentation to a minimum, the same fall time
gating is used for stars. However, a 6-bit intensity code overvrites
the upper portion of this fall tims.

Row 24 bits is longer than nseded for efther target. The
largest planet would still only require sti8 bdit fall time; and
a star would only require eix bits. Thus 20 and 14 bits are the
ninimun necessary. For word length consistency and to kesp oparations
for different targets as similar as possible, 24 bits was chosen,
however. .

In the computer, the words are stored by a short imtsrrupt
program in tvo series of lists. The first ig a pair of lists, one
for each slit. Thwse targets vhich are definitely extended bodies
are retained here. Both the rise and fall times (24 bits & pilecs)
are kept; they ars stored alternately. Thus, say, the even locations
contain rise times, add locations contain fall times.

The second seriss of lists, for stars (or other targets whose
fntensities do not exceed an upper bias level), is really three
lists. Lists #1 and #3 contain the transit times for slits #1 and
#2 respectively. By transit time is meant the avarage of tha rise
and fall times. List #2 comtains the intensity codas for both slits.
Since each 1s only six bits long, even a 12-bit machine could retain
two codes in ons word, The convention could be, say, that the most
significant bits balong to slit #1, the least significant to slit #2.
The order in which entries are made are compatible with those in lists
1 and 3 for purposes of identification.

Let us assune that we make allowances for f£iva extended body’



targets and fifteen stars for each camera scan. Then lists 1, 2,
and 3 need each to be fifteen locations long per scan. If data is
gathered for ten scans, this amounts to 450 locat . ons. Similarly,
for the planets, 200 locations are needed (2 slits, 2 times, 10
scans). This information ie all, of course, temporary and will be
destroyed during the process of identification.

These requirements are the only ones discussed in the present
memorandum. A future publication (TM-9552-8) concentrates on the
computer interrupt program (which acceptes, processes, and disseminates
the camera data to the respective lists) and determines msmory require-

ments and execution speeds for this program,



I. TARGET DETECTION

The basic components of the detector system are shown in Pigurs
1 and the important system characteristics listed in Table I, As
the target traverses the crossed-slit configuration on the camara
focal surfgce, pulses are genserated by the photomultipliers which
can subsequently be used for determination of tramnsit time and
intensity.

It is to be noted from Table I that the slit width is the same
as the blur circle diameter (i.s., the diamster which contains
85% of the image energy) and both are equal to 20 seconds of arc.
Of course, as seen in Figure 1, the slits are inclined to the
vartical by 30° so that the effective slit width is 20"/cos 30°
= 23",1. Since the target location accuracy is ten seconds of arec,
interpolation of the slit is evidently necessary. As has been nhown,3
an interpolation of at least 1/6 of the slit width ensures that false
targets and missed targets will be negligible. The same reference
shows that a given angular accuracy O (in geconds of arc), scan
period T (in seconds of tims), target photographic magnitude o
and camera aperture D (in contimntcn) must all be related by*

¥ .
D£o~37]aaélXIo+am" )

® Ve have altered the values in Referemce 3 to correspond to
an effective slit width of 231,
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TABLE I: Characteristics of Scanning Camera

Tyre of Camera

Aperture

Field of View

f Number

Bffective Pocal Length
Diameter of Primary
Diameter of Pocal Surface
Diameter of Blur Circle

Pocal Surface

S1it wWidth

Spectral Region

Bakey-Mumn

4 inches

30 degrees

1,0

4,0 inches

5.5 inches

2.0 inches

20 seconds of arc
Slits can be made to
conform to whatever sur-
face minimizes optical
abGrrations

2C seconds of arc

3000 A to 6500 A



(Note that an interpolation factor < 1/6 mesns an EMS angular error
0 < 3785.) This relation makes the assumption that signsl photon
noise is the factor limiting accuracy which is true for proper
selection of the photomultiplier., Pigure 2 shows the relation

(1) for several spin periods. Ve see that stars brighter than
2.5 magnitude and spin periods longar than ten seconds give errors
no greater than 3.5 seconds of srec.

Pigure 3 shows to what time sccuracy the photomultiplier pulses
must be measured for a given angular resolution and scan period
combination in Figure 2. FYor exsmple, a period of ten seconds for
the camera scan requires that a clock accurate to 8 pseconds must
be available in order to keap clock srrors below the expected angulaxr
sxvors for targets lees bright than -1.5 magnitude. A 10 psecond
clock for the same scan period would keep errors at 1 second of arc

for stars brighter than -1 msgnitude.
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11. FORMATION OF DATA

A. Photomultiplier Outputs

Because of t:hé requirement that the phototube detect both stars
and planets, soms very bright objects may ba observed, To prdvdnii
damage to the phototube due to high current it {is planned that t:h.
gain will be chcngdd to maintain the anode current constant. Thus
the multiplier voltage will be a measure of the magnitude of the i
target while the fast rise and fall times of the phototube anode
curfcnt will be used for tranut' time measurements, Pigure 4 shows
both the nmltipu& voltage and anode current as a function of nrget
magnitude. This figure is meant to be rapresentative the EMX
6094S tube would not be the exact one used dus to vibration diffi-
culties.

The zero signal voltage on the tube, K,, is about 1900 volte
so that an 1150 volt pulse will bo. generatéd for a 15t magnitude
star. Thus the two pulse shapes 6111 appear as in Figure 5 (for
a 1%% magnitude target). Note that the E curve has a slower rise
time than the anode current curve. The latter is therefore more
useful for tims measurements while the former can be measured for
mignitude while at the same time protecting the tuba from excessive

current dsmage.

B. Camara Electronics

The electronic instrumentation between the photomultipliers and

the computer is necessarily divided into two parte. Because the
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detector will be separate from the space vehicle and not coupled
to it by sanything which might disturb its (the detector's) motionm,
information will be transmitted from the detector to the vehicle,

a distance between six inches and four foeé.

1, Capsule Instrumentation

To minimize the instrumentation in the detector capsule, both
the anode current and multiplier voltage pulses are to be sent
immediately to the mother vehicle for analysis. This does not
Tequire four separate transmission channels but can be done by
modulating a carrier frequency a8 shoum schematically in Pigure 6.

For example, the current pulse, I from photomultiplier #1 changes
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the frequency of the output of oscillator #1A which in turn smplitude
modulates a master micro-wave oscillator, The master carrier is

thea transmitted to the mother vehicle for processing. All four
outputs of the two photomultipliers similarly shift their respactive
oscillator frequencies, The signal transmitted bas, then, a band-
width twice the value of the highest modulstor frequancy and is

centared on the master oscillator frequency.

2. Vehicle Instrumentation

The electronice required in the space vehicle iteelf is schematical-
ly shown in Figure 7. There, the signal tranmmitted from the cepsule
is veceived and split as to frcqunncj into its four informatiom
components. Thase are each demodulated resulting in the original
anods currents and multiplier voltages.

Each anode current is then used to msasurs the times that the
pulse rises above and falls below s given bias level. The average
value of these two times is what constitutes the target transit time,

The multiplier voltage measures the target intensity using
some device such as a pulse-height analych. Six oits, or 63
levels could be resolved which would be about equal to the expected

correlation of measuremant to reality.

C. Data logic
It is plammed to construct two 24-bit words for each target

transit of a given slit. The method of comstruction {s showm in
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Pigure 8. T7Three registers, each 24 bits long, are shown. The first
("Elapsed Time Negister") .contains at any instant, the count (in
10 umoud intervals) of tha time from the start of the measuremant
sequance. This count is accumilated from 10 usecond pulses genarasted
by an externsl clock., The register will hold up to 168 seconds of
time, well enough to encompass ten scan periods of ten seconds each,
and will be able to resolve angles as small as one second of arc.
(Sea Pigure 3 and Section IIXB.) |

| Vhen the anode current from the photomultiplier ruq above
a given ‘bu- lavel, & pules is generated which gates ths contents
of the first register into the second ('Rise Time Register"). This
latter th§n contains the timm at which the anode current exceeds
the bias.

The third register sccumulates ssveral quantities and its con-
tents depend on the type of target detected. The reason for this
is that plimu ars extended bodies, and in some cases the trailing
adge rather than the leading edge of the planst will be msasured.
("Tratiling' and "leading' refer to the mamner in which the slit
approaches the planstary disk.) Since £t is not known baforehand
vhich is desirable, both the rise time (demoting the entrance of
of the lesding illuminated portion of the planet into the slit)
and the fall time (denoting ths exit from the slit of the trailing
1l1luminated portion) need to be recordad.

The largest size of & vlanet, due to the slit configuration

chosen, is 60° in diamster. Thus it is possible that ons slit is
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{lluminated for 1/6 of @ period or 1.667 seconds (ten second period)
by & full disc planet. Using a 10 usecond count resolution, such
¢ dwell time would consume 1.667/10"7 = 166,700 counts and could
£411 just over 1/2 of sn18<bit register.

Por a planat, then,the second dats word has its lowest 18
bits identical to the lowest 18 bits of the Elapsed Time Register
at the snode current fall time.®# Since intensity data iz not needed
for a planet, only two more bits are used: omns denoting the slit
number (0 means slit £1, 1 means slit #2) and one for a target tag
(0 for stars, 1 for planets or any extended target).

The nuaber of bite needed, therefore, is only 20 while Pigure
8 shows a 24-bit word. This has been done mexely to eimplify the
situstion. The total number of bits produced is 24 -+ 20 = 44 which
would fit in two words each 22 bits long. However, the computer
will accept dats equal to its word length, which we feel has a high
probability of being in the 24-30-bit range. Furthermore, to retsin
the rise time in one unit, & 24-bit input {s required; complicating
the hardware by using words of different sizes sesms unnecessary.
For planets, then, the second word containg: & one-bit slit tag,

* It {8 to be noted that thess 18 bits are not used to count
the dwel]l time; they merely reproduce the Elapsed Time Ragister
at the fall time. 7Thus it is possible for this number actually
to be less than the number represented by tha lowest 18 bits
of the Rise Tims Register. Such sn svent would mean that
the 19th bit of the Elapsed Time Register had changed between
the rise and fall times. Ons is only concerned, therefore,
in prevent thie dbit from changing more than once. This is
ensured if 218 . 1 > expected maximzum number of counts. That
is, the 18 bit counter can never overflow twice (regardless
of where it bagins the count) if the expected maximum number
of counts is less than could be contained in such a register.
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a4 one-bit target tag, and the 22-bit lowar portion of the Elapsed
Time Register ot fall time.

So much for planets and other extended targets. Stars are
much simpler in that, being almost point sources, they remain no
longer than about 368 pseconds in the slit., To measure fsll time,
then, no more than six bits would be needed for counting. In
order not to complicate the hardware, however, it is suggested that
the 22-bit lower portion of the Elapsed Time Register be transferred
to ths second word upon receipt of the fall time pulse in the manner
identical to that used for planeta. In addition, after a short
delay, bits 17-22 of this word are overuritten with the intensity
code. The anode curremt rise time pulse, of course, transfers
24-bits between the Elapsad Time Regioster and the Rise Time Register
also as is done for planets. PFor stars, then, the second word
contains: a one-bit glit tag, s ome-bit target tag, a six-bit
intensity code, and a 16-bit fall time. Again the 16 bits are
way in excess of what's needad, but compatibility with the planet
detection procedure snd uniformity of word lemgth suggests thess
values.

In any evant, shortly after fell time, the computer is informed
that data is ready whereupon the two words are transferred efither

directly into the computer or into an intermsdiate buffer.




III., DATA PROCESSOR

A. Buffered 1/0 and Interrupt Features

Information will be entering and leaving a space computer in
& variety of modes and rates. Furthermore, some of the data will
be arriving at unpredictable times. To accomodate these require-
ments, two features of a space computer which are highly desirable
are: (1) at least one buffered input/output channel, and (2) an
interrupt capability, -

The interrupt feature is, of course, almost s necessity
when the computer is dealing with a wide range of problems each
having a different priority lavel. PFor example, if the computer
is currently engaged in transmitting scientific data to Earth when
data suddenly arrives from a higher priority source, one would desire
that the computer immediately devote its attention to this latter
problem, but at the same time not destroy information being readied
for transmission to Barth. Tiis can be accomplished with '"interrupt”
in the following manner,

Upon receiving an interrupt signal, the computer sutomatically
(i.e., by means of hardware) jumps to a pre-assigned location from
vhich it extracts the pext instruction. This instruction and the
ensuing sequence of instructions performs the tasks of (a) storing
any data which is pertinant to the original program and which might
be destroyed in the present routine, (b) sensing which device caused
the interrupt, (c) carrying out the necessary usage to remove the

interrupt (this may merely be dats input or may be serious enough
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scrap the present program for some "emergency" function), and finally
(d) restoring the original progrem date and returning to it. In
this manner, a number of functions can be monitored and updated
"gi{multansously".

The buffered input/output feature is most useful when blocks
of information nesd to be transferred rather than one word at s tima.
Also, on fnput, data may arrive in a random fashion as it does from
the scanning camera. Thus if two words arrive in close succession,
the second one may be lost due to the computer being busy pre-
processing the first. To avoid this, a buffer is added which retains
information until the computer can accept it. In & sense, each input
channsl which contains a holding register is a buffer since the infor-
mation i{s retained until the computer has available times to receive
it. The word "buffer" is generally reserved for a multiple-word
set of holding registers. This device can accept data from a certain
sensor at an extrewmely h_igh rate of speed (the "instructions" are
all performed with hardware) and also operates independently of the
computer,

A typical sequence might be as follows, While the computer is
executing a given sequance, dats arrives at the buffer in the form
of single words, spaced in time. When the first word arrives, an
interrupt is sent to the computer. Before the computer can exit
from 1its sequence, however, several more data words may enter the

buffer, being stored in it sequentially. The computer, when it



24

enters the interrupt routine, empties the buffer of all its words
and any that might enter evem during this operation. Pinally, the
computer returns to its original sequence until the buffer, on
receiving another word of dats, interrupts again.

Because such a buffer stores incoming data ssquentislly, two
index registers will probably have to be used. One will slways
contain the addvess of the next buffer location to be filled by in-
coming data. This is then stepped each time the data enters. The
other index, or counter, contains the address of the next buffer
location to be emptied by the computer, and this is also stepped
each time a data word is trsnsferred from the buffer to the computer.
When the two indicies are equal, no data is in the buffar, while
their difference denotes the number of words ready to enter the

computer.

B. Clocks and Time Keeping

On board a space vehicle for any extended journey will probably
be a highly accurate and stable oscillator which can be used to keep
time. The output is in the form of a series of pulses which, on
being added in a binary fashion to a digital counting register in
its lowest bit, produces, in this counter the binary coded elapsed
time. This in turn can be used to drive other devices such as an
oxdinary clock which reads in years, months, dayg:; hours, and seconds.
The counting register also can provide pulses at rates which are

1, 1/2, 1/4, 1/8, etc. of the original oscillator rate.



Let us say that tims needs to be meagured to an accuracy of
one microgecond for a duration of ten yeara. The total number of
counta in this interval is 3.15312 x 101%. A binary register capable
of holding this number must be at least 49 bits long. Such a
registar could actually hold a number as large aa 299 - 1 or Lust
nder 5.63 x 104, With one microsecond Tegolution, it can keep
time for almost 18 years.

More spacificslly for the gcanning camera, as noted in Section
I1-8-3, registera are needed for the construction of the data words.
Time is one of the measured quantities. Its sccuracy is determined
mainly by the measurement, since one does not want the clock to limit
the navigationsl precision. The length of the measurement, that is
the duration of ithe data gathering period, determines the size of the
time number which will not be exceeded.

At the beginning of the measurement, the computer will read
the main clock and also start an additional register counting ("Elsapsed
Tims Register” of Figure 8). This latter counter then measures the
¢lapssd time Ffrom measurement initistion. It is this time which 1s
gated by the rige time pulss into & "Rise Time Register" prior to
input to the computer or the buffer.

To determine the word length of the Rise Time and Elapsed Time
Registers, let us asmume that the camera will scan through a complete
rotation ¥ times and that the angular RMS error, ¢, is given through the

relation (1) of Section I. S8ince the ratic of the alapided time
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NT (T is the scan period) to the dasired time resolution should be
greater than the ratio of the total scan angle to the RMS angle error,
and 4if we assume that cme ccunt ig squivalent to the RMS angle error,
the total number of counts tequired to messure the target transit time

to the desired time resolution in a length of time NT is

apN xa o’— v B 133
7 i = ‘/7_7;10‘;/\/7',3/-2-, x /0 e )
g \¢/J

where C 18 in seconds of arc, D in centimatexrs, T in seconds, and
m, is the photographic magnitude of the target. Wa see that the
totsl count depends on many design parameterz #ince the angular
resolution, O, also depends on these. Thus the brighter targets
(lover mp) require a largexr count since the angular measurement can
bs more accurate, Similarly for aperture size: increased D msans
mnore anargy gathered and hence better target locatiom.

If tha counting register is n bits long, n mugt be such that
" o« - ,z)é -./.?3»»/9
2 =1 2874510 /\/(70 X710 i 3
Using & 4 inch aperture (D= 10.17 cm.) snd targets as bright as

m, = -1.5 magnitude, one can neglect the -1 on the left hand side

of (3) with the result that minimum word length is given by

m> 19./9 +/.//£; 7‘;»3.32.271\/‘ *)
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This relation is shoun in Pigure 9 for various scan periods and anumber
of scans. One sees that not a great change takes place, but for the
range of periods snd scans chosen, the word length is between 19

and 25 bits for the transit time counter.

Viewed fn another manner, one can consider the case where the
vord length in this counter contributes no greater erxor than a
cartain angular resolution. Tsble IX shows Zuch results for various
scan numbers and anguler exrors. PFor example, collecting data for
ten scans vith a desired exror balow two seconds of arc requires
that the word length be at least 23 bits long. This means that, while
dimaer targets may cause a greater gngulsr error and hence dominate
the messuremant, the brighter targets (thoss which contribute messure-
. ment errors below 2'") will have their errors dominated by ths finite
word length of the counter,

In general, then, to be sure of the null effect of word length
sxxor and also to permit data collection over tem scens, the transit
time counter should be 24 bits long. Furthsrmore, its lowest bit,
in accordance with Pigure 3, should not have & period longer than

10 pseconds,

C. Data Input and Pre-Processing Tasks

The camers data formed by the mmasuremant electronics will
probably not be in & form appropriate for use in the navigational
equations. That s, the bit structure of a single word may contain
values of measurements on several parametars (e. g., a 24-bit word

could contain four values, each six bits long). Since different
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TABLE II: Minimum Word Langths for Various Scan Numbers
and Angular Errors, tc Kesp the Word length
Contribution Balow the Messuremsnt Exror

Angular Number of Scans

Exror

(oec) 1 2 5 10

&-— ~ —

1 21 22 23 24

2 20 21 22 23

S 18 19 21 22

10 17 18 20 21
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measuremsnts are used in different portions of the data processing
& certain amoynt of pre-processing must be accamplished to separate

the data into their component parts.

1. Data Input

Entering the words into the computer is the first requirement.
The consideration necessary here is: can the data be input and pre-
processed at s sufficiently fast rate to prevent information lose?
This rate {s influenced by (s) the expected target rate, (b) the
number of words that have to ba input per target, and (¢) the amount
of pre-processing required. Actually, (a) has little effect on the
computer since the target will remain in the camera slit for a
comparatively long time. A ten second period snd 23"1 slit width
(effective), means that the photomultiplier illumination remains
above 1/2 its peak valus for

X/ = 2 R
2myax 0¥ 39, L jnase, -

This being a long time for ordinary computer speeds, the camera
electronics, blur circle, and slit size will be the most eritical
determiners of target loss probabilities.

The number of data words constructed per target depends upon
the basic word length of the computer itself and upon how much of
the transit time word is contsined in the camera electronics. This

last requires some explanation. In Section IXIB we determined that
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24 bits was a reagonable sirze for the transit time counter. MNot
all of this need be retained in the cameras &lectronics, however.

Por exampls, if the 12 lowest order bits were contsined here, and
the computer notified each time this 12-bit counter overflowed, then
the computexr could count the overflows and assentisglly make up the
other 12 bits of the full 24-bit counter. If the lowest order bit
changes once every 10 useconds, then the 12-bit counter will over-
flow evary (.41 seconds, an 18-bit counter every 2.62 seconds, and
a 7-bit counter every 1.27 milliseconds.

Bach time overflow occurs, however, the computer must be interrupt-
ed and must then update its part of the transit time counter, Also,
vhen the data finally enters, the full 24-bit transit time will
have to be assembled from its separate parts.

By putting some of the transit time counter bits in the computer,
hardware is saved in the camera eloctronics section. But there is
a vesultant complication and added processing load on the computer.
From the standpoint of reliability, there are many more operations
involved in a split transit time counter thereby increasing the
probability of a failure, Siance the hardware saving i# quite small,
it fs concluded that the full transit time word should be retained
by the camers slectronics.

From the numbers showm in Figure 8, then, we asee that about 48
bites of data are genarated for each target transit. According to
the basic word length of the computer or input buffer, the numher

of data words arze given by the following tabls. Because spacs



32

Word Minimum ¢
Length Data Words
48 1
24 2
18 3
12 4

computers will probably have word lengths smaller than 48 bits but
not less than 18, the data will have to be accepted at the rate of

2 or 3 per terget transit.

2. Pre-Processing

let us agsume for the following discussion that the computer
has a 24-bit or greater word length, the first data word to enter
is from the Rise Time Ragister, and the second congists of target
tag, intensity, and fall time as shown in Figure 8. When data is
ready to enter the computer from & certain slit, the sequence operat-
ing at that time is interrupted and snother sequence, outlined in
Pigure 10, is executed. After accepting two words, it is determined
whether a planet was definitely sighted (by meens of the 239 bit
in the second word). If it was, both the 24-bit first word (anode
current rise time) and the 22-bit fall tims will have to be retained
separately until it is determined whether the leading or trailing
planet edge is desired. This is not accamplished until the attitude
can be found. Thus the rise time and 22-bit fall time are stored
in & transit time list under the appropriate slit number. (The slit

number occurs as the 24th bit of the second word.)
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1f the target appeared as a star, then the fall time is selected
from the second word, divided by 2, and added to the first word.
Thie then becomes the cencral transit time of the star and is stored
under the appropriate slit. The intensity is then selected from
the second word and also stored.

Assuming the computer has a word length of 24 bits or more, the
transit time and magnitude dats for stars are to be gtored in their

order of receipt in threa lists. List #1 contains the 24-bit transit

#1 :7] #3
Transit Intensities Transit
Times . Times
N~ '\ )
v VT
8lit #1 S1it #2

times from slit £1; list #3 contains similar dats from slit #2;
1ist #2 contains the intensity data for both slits since each
datum is only six bits -ibnig'. The convention could be that slit

#1 intensities always occur in the upper half of the word, slit #2
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intensities in the lower half. Since data arrives and is stored
coﬁucutivoly, the third entry, for example, in list #1 corresponds
to the upper half of the third entry in list #2 and so forth. Thus
the location in efither list #1 or list #3 asutometically gives the
location in list #2.

Even if the computer had a word length of 30 bits
or more, it would probably not prove advantageous to store transit
time and intensity data together since they would frequently have
to be separated for the many tests and calculations pogfomnd during
identification and the solution of the navigational equations.

It is suggested that a second set of lists be reserved for those
targets definitely identified as planets (or at least extended bodies).
Only two lists are involved here, one for each slit. The rise and
fall times are stored for each slit consecutively. That is, the even

locations, say, are occupied by rise times and the odd by fall

times.
Siit #1 Slit #2
rise time 1 rise time 1
fall time 1 fall time 1
rise time 2 rise time 2
fall time 2 fall time 2

To construct a 24-bit fall time, the sequence in the sketch
is followed. The leading two fall time bits are made identical to

the corresponding rise tima bits. The two numbers axe then compared.
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Previous Step

!

Insert 2379 and 24th bies
of rise time into
corresponding bits of
fall time

4
Cfal.l time > rise tim?\ ye3

)
Store
no , T
add 222 to £all time Contirue

Since the fall time must exceed the rise time, and since the 22
bits of the Elapsed Time Register can have overflowed betw«x_: these
times only once, one bit is added in the 2373 place {f the fall time
proves low. The results are then stored,

The program sketched here is treated in detail in T™™-9552-8
which also includes estimates of éhe memory requirements and execution
times.



